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Delayed-type hypersensitivity  has  been  differentiated  from other  types  of 
hypersensitivity  reactions  by its delayed onset and  the  nature of  the  cellular 
infiltrate. 
In a study of the histology of anaphylactic reactions in the skin, Dienes and Mallory 
(1932) noted that there was a polymorphonuclear infiltration in the early stages of an 
anaphylactic reaction,  whereas  the  tuberculin  reaction was characterized  from  the 
onset by a predominance of mononuclear cells. 
Follis (1940)  duplicated the techniques of Dienes and Mallory, but could find no 
evidence of an early infiltration by mononudcar cells. He found that the proportion 
of mononudcar cells increased over 20 hr of observation; most of the accumulation 
occurred during the first 12-16 hr. At best the mononuclear cells accounted for 43% 
of the total migratory cells in a tuberculin reaction compared to 58% in a nonspecific 
inflammatory site.  On the whole, the increased numbers of mononuclear cells in the 
tuberculin site and the inflammatory site were comparable. 
There are thus two views on the cellular events culminating in the lesion associated 
with delayed hypersensitivity reactions. One holds that it is a  classical  acute inflam- 
matory reaction in which the initial infiltrate of granulocytes is followed by a  more 
protracted  accumulation of mononudear cells;  the other  suggests that the  reaction 
is unique in that it involves only ceils of mononudear type. The latter view, together 
with  the  fact that  delayed-type hypersensitivity  can be passively  transferred  with 
living lymphoid cells  but  not with  serum,  has  led  several  workers  to  attempt  to 
demonstrate an accumulation of specifically  sensitized lymphoid cells at the site of a 
delayed-type  hypersensitivity  reaction.  These  attempts  have  produced  conflicting 
results;  but  the evidence  tends  to  deny a  specific  accumulation of sensitized  cells. 
Najarian and Feldman (1961)  treated tuberculin sensitized guinea pigs with tritiated 
thymidine and then harvested cells  from the regional lymph nodes and spleen.  The 
cells,  a  portion of which were radiolabeled,  were  then used  for passive  transfer  of 
tuberculin  sensitivity to normal guinea pigs. Najarian and Feldman found that the 
labeled cells accumulated in the tuberculin reaction site to such an extent that they 
accounted for approximately 20% of the infiltrating cells compared to less than 1% 
in a nonspecific inflammatory reaction site. Conversely, labeled ceils from nonsensitized 
* This investigation  was supported  in part by the Richard Remsen  Fund. 
363 364  EVOLUTION OF DELAYED HYPERSENSITIVITY  REACTIONS 
donors transferred  to tuberculin  sensitive individuals  did  not accumulate in  a  site 
challenged with purified protein derivative (PPD). 
McCluskey, Benacerraf, and McCluskey (1963) used guinea pigs rendered delayed- 
sensitive  to  picryl  bovine  -y-globulin,  p-chlorobenzoyl chloride  and/or  diphtheria 
toxoid. They could find no evidence of specific  accumulation of sensitized lymphoid 
cells labeled with tritiated  thymidine. These authors concluded from their evidence 
that the majority of the cells in a delayed lesion are not specifically  sensitized, hence 
the premise of a  specific  attraction of sensitized cells into an antigen depot was not 
supported. 
Hamilton and  Chase  (1962),  in a  similar  series  of experiments with  guinea pigs 
sensitized to picryl chloride and to tuberculin, found no increase in the proportion of 
labeled cells in the reaction site over the number found in a nonspecific site. 
Najarian and Feldman (1963)  repeated their earlier experiments in animals sensi- 
tized to either dinitrofluorobenzene or tuberculin. Again their results suggested that, 
although the numbers of sensitized cells arriving at a reaction site was small,  there 
was nevertheless a specific accumulation. 
The foregoing conflict was considered in relation to recent observations by Volkman 
and Collins (1968)  which show that X-irraAiation of hypersensitive mice leads to an 
abrupt fall in circulating monocytes and gross or total suppression of skin sensitivity. 
The return of hypersensitivity after irradiation was accompanied by the reappearance 
of cells having the labeling characteristics of monocytes. This suggests that a delayed 
reaction is  critically dependent  upon the cells  which populate  the reaction site.  It 
was decided, therefore, to examine the effect of indudng a prior accumulation of cells 
by a nonspecific stimulus upon the subsequent sensitivity of the prepared site to the 
local injection of specific antigen. 
The results  to be reported support  the view that the accumulation of cells 
may depend  entirely upon nonspecific factors since all of the cellular compo- 
nents required for a  delayed reaction are present in the infiltrate produced by 
a  nonspecific stimulus and result in a  reaction of extremely rapid onset when 
the  specific  antigen  is  subsequently  introduced.  Moreover,  the  reaction  ob- 
served in the prepared site is immunologlcally specific, and is of delayed type 
despite its rate of development. 
Materials and Methods 
General Experimental Design.--Guinea pigs were rendered  sensitive to 2,4-dinitrofluoro- 
benzene (DNFB),  tuberculin, or arsanilazo guinea pig albumin (Ars-GPA). Sensitization was 
verified by challenging the animals with the appropriate  antigen: DNFB (0.5% in olive oil), 
PPD (10 units),  or Ars-GPA (10/~g), respectively. At the time of the first challenge, or the 
next day, a nonspecific inflammatory response was initiated as described below. 18-24 hr later, 
the animal was challenged with antigen at the inflammatory site and at an unprepared  site. 
The intensity  of the reaction was evaluated  at intervals  by measurement  of skin thickness. 
Sensitization of Guinea Pigs.--Guinea pigs weighing ~  g from the closed colony at 
the Trudeau Institute were sensitized by published methods. Sensitization to DNFB (Pierce 
Chemical Co., Rockford, Ill.)  was accomplished by intradermal  injection of 2.5/~g DNFB 
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days later. Tuberculin and Ars-GPA sensitivities were established concomitantly by injecting 
each guinea pig with 100/zg Ars-GPA in complete Freund's adjuvant (Baltimore Biological 
Laboratories, Baltimore, Md.). 
E~akwMon of the Read/on.--The  intensity of the reaction was expressed as the increase 
in thickness over that measured at zero time. Measurements were made with dial-gauge 
calipers reading to 0.05 mm. 
PreparaHon of Skin Test Sit~.--Nonspecific inflammatory reactions were induced by the 
intradermal injection of 0.1 ml of either Ars-BSA (10/zg), saline, or guinea pig 7-globulin 
(GPTG, 100 #g) obtained from normal guinea pigs. In no instance did the injection site show 
a significant reaction when examined immediately prior to the injections of specific antigen 
which were made 18-24 hr later. 
RESULTS 
I. Delayed Reactions to Various Antigens.--Delayed reactions of comparable 
intensity were obtained for each of the antigens used. In each case no indura- 
tion was evident until between 4  and 6 hr after challenge. The reaction then 
rose  to  a  maximum intensity  between  20  and  24  hr  and  was  only slightly 
diminished at 48 hr. These reactions were considered true delayed reactions in 
that  they were readily transferred  to nonsensitive guinea pigs by peritoneal 
exudate cells from sensitized animals. All attempts to demonstrate the usual 
reactions mediated by serum antibodies  (Arthus  reactivity, PCA, or RPCA) 
were negative. 
H.  Delayed Reactions  in  a  Prepared  Site.--The  nonspecific  inflammatory 
sites were prepared by the intradermal injection of a foreign, though not neces- 
sarily antigenic, material. Either Ars-GPA or GPTG was used in DNP-sensi- 
tive guinea pigs and saline or GP~,G in the Ars-GPA and tuberculin-sensitive 
animals. One experimental and two control reactions were run concurrently on, 
each animal. The prepared test sites were injected with either the specific or a 
nonspecific  antigen  (saline was sometimes used for the latter  purpose).  The 
same materials  were  injected  into  the  unprepared  sites.  The  antigens  were 
injected or applied in olive oil depending upon which antigens were used. 
In  the  case  of normal  delayed  reactions  no  induration  was  evident  until 
between 4 and 6 hr. As far as could be determined, the subsequent events were 
those described for delayed reactions in general. 
The  reactions  observed in  the  prepared  site  presented  a  totally  different 
picture. The site became edematous and indurated within 30 rain of exposure 
to specific antigen. 2-3 hr after challenge, the reaction had reached an intensity 
as great or greater than that developed at an unprepared site 18-20 hr later. 
The reaction at a prepared site developed rapidly for 6 hr and persisted with 
little change for 24 hr or more (Fig. 1). 
6  hr  after challenge,  the increase in skin  thickness  at a  prepared site was 
almost invariably 50 %  greater than  that found at an unprepared  site at its 
maximum. In the contact sensitivity reaction  to DNFB,  the reaction in the 
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hr. This relationship held during the next 24 hr while the reactions were deo 
dining in intensity. 
The  specificity of the  accelerated  reactions  observed  in a  prepared  site in 
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FIo.  1. Development  of delayed reaction at prepared and unprepared skin sites in guinea 
pigs. Each unit of reaction intensity equals 0.1 mm increase in skin thickness. Prepared sites 
are represented by the solid lines while the unprepared  sites are represented by the broken 
lines. The closed circles are the combined reactions of DNFB  and Ars-GPA while the closed 
squares are reactions to PPD. 
hypersensitive  guinea pigs,  and  their dependence  upon a  cell mediated form 
of reactivity is demonstrated by the data recorded in Table I. 
III. Histology of the Reaction Sites.--The normal delayed reaction had an 
infiltrate of predominately mononuclear ceils after 20 hr. Only an occasional 
polymorphonuclear cell was encountered in scanning the sections. 
The main characteristic of the prepared site, immediately prior to challenge, 
was its resemblance, despite the absence of measurable  induration,  to  a  fully 
developed delayed reaction, except that there was a somewhat higher propor- WILLIAM C.  HILL  367 
tion of polymorphonuclear cells estimated to be approximately 10 %. Except 
for the development of edema, the histology did not change appreciably after 
challenge with  specific antigen.  So  far  as  could be  determined  qualitatively 
there was no additional accumulation of cells of any type. 
TABLE I 
Specificity of Normal and Accdera~d  Ddayed Rea~Hons in AcHrdy  and Passirdy  Sensitised 
Guinea Pigs 
Experimental  group 
Responses to specific an- 
figen 
Responses to nonspecitic 
antigen 
Elidting  antigen 
DNFB 
DNFB 
Ars-GPA 
Ars-GPA 
PPD 
PPD 
DNFB 
DNFB 
Ars-GPA 
Saline 
Sensitizing 
antigen 
DNFB 
DNFB 
Ars-GPA 
Ars-GPA 
Ars-GPA 
Ars-GPA 
DNFB 
DNFB 
Site 
Normal 
Prepared 
Normal 
Prepared 
Normal 
Prepared 
Normal 
Prepared 
Prepared 
Prepared 
Time after challenge  (hr) 
0  1  2  4  6  24 
0  -25 
!  --  --  111 
}  --  --26 
!  4  --  .210 
}  --  -  05 
L5  7  ~  86 
--0  -  O0 
--001-00 
----  01-  0  0 
----  01-  0  0 
Responses to specific an- 
tigen in animals pas- 
sively sensitized with 
cells or serum 
DNFB 
DNFB 
OT$ 
OT 
DNFB 
DNFB 
OT 
OT 
Passive sen- 
sitization with: 
Cells* 
Cells 
Cells 
Cells 
Serum 
Serum 
Serum 
Serum 
Normal 
Prepared 
Normal 
Prepared 
Normal 
Prepared 
Normal 
Prepared 
m 
m 
m 
m 
m 
m 
--  0  4 
3'  3 
0  0 
5 
0 
0-- 
0-- 
0-- 
4 
2 
2 
4 
0 
0 
0 
0 
* Each  recipient received  approximately 2 X  l0  s  peritoneal exudate cens. 
Old tuberculin. 
DISCUSSION 
In guinea pigs exhibiting a  specific delayed-type hypersensitivity, exposure 
to  the allergen at  the site of an  established exudate of mononuclear cells re- 
suited in a  reaction which developed much more rapidly and was more intense 
than  that of a  classical delayed reaction in the same animal. In fact, within 
30 min the skin had thickened measurably. Histologically it was not noticeably 
different from a  normal delayed reaction, nor could significant differences be 
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However, it does differ significantly from the "retest reaction" reported by 
Arnason and Waksman (1963),  in that the retest reaction first becomes evi- 
dent at 2 hr, peaks at 6-8 hr, and has largely faded by 24 hr. The histology is 
also different. The retest reaction site was said to be characterized by a "mas- 
sive accumulation of eosinophils" which is not a characteristic feature of either 
a delayed reaction or the reaction observed at a prepared site. 
The observations described in the present paper lead to several important 
conclusions: 
1.  The accumulation of cells bearing specific reactivity to antigen at  the 
site of a  delayed hypersensitivity reaction is completely independent of the 
presence of specific antigen. Any irritant will give rise at a test site to a popu- 
lation of cells containing all of the components necessary for the expression of 
hypersensitivity. However,  initiation  of  edema  and  induration  are  totally 
dependent on specific antigen. 
2.  Our  observations  also  provide  a  possible  explanation for  the  delayed 
nature of this type of immunological reactivity. It appears that the expression 
of hypersensitivity, as Volkman and Collins (1958) have suggested, is depend- 
ent upon the monocytlc infiltrate. Since it takes time for cells to accumulate 
in response to antigens which are not inherently irritant, a  period of latency 
must be  expected while the  necessary accumulation of  cells  develops. It is 
obvious from  the  present studies  that  a  reaction develops in  a  preexisting 
population of cells as rapidly as it does in the Arthus reaction. However, the 
accelerated delayed reaction differs from an Arthus reaction in two important 
respects:  it  is  not  associated  with  a  polymorphonuclear cell  infiltrate  and 
persists as long or longer than a classical delayed reaction. 
3.  The dependence of the expression of delayed reactivity upon an accumu- 
lation of mononuclear cells suggests that these cells fulfill a role in this type 
of  reactivity  comparable  to  that  of  the  polylnorph  in  Arthus  reactivity 
(Humphrey, 1955). 
4.  The rapidity with which a reaction develops in a prepared site in hyper- 
sensitive  animals  argues  strongly  against  a  need  for  specific  attraction  of 
reactive cells into the reaction site. It also calls in question recent suggestions 
that the delayed reaction is a  secondary antibody response (Schlossman and 
Levine, 1957). 
Speculation on the nature of  the delayed hypersensitivity reaction is still 
premature. However, the present observations could be explained in either of 
two ways: 
(a) A reaction to specific antigen occurs in the presence of a sufficient num- 
ber  of  cells,  which  having  accumulated  randomly for  nonspecific  reasons, 
results in the release of a pharmacologically active agent from the ~mmlgrant 
cells themselves. To explain the specificity of the reaction we must  assume 
that some or all of the cells are antigen sensitive. W~LT.a~ C. HILL  369 
(b)  Alternatively, it  could be  imagined  that  an  antibody is  involved as 
postulated by Karush and Eisen (1962)  and that its interaction with antigen 
results in a  product which acts, through the immigrant cells,  to produce the 
edema which is the measurable parameter of a delayed hypersensitivity reac- 
tion. 
SUMMARY 
When a delayed-type hypersensitivity (DTH) reaction is elicted in a sensi- 
tive animal at a  skin site in which an accumulation of mononuclear cells has 
been induced by a  prior injection of a  nonspecific stimulus, those properties 
characteristic of a  DTH reaction, i.e.  erythema, edema, and induration, be- 
come evident much more rapidly and intensely than a  reaction in an unpre- 
pared skin site. This rapid, intense reaction has the histology of a  classical 
delayed reaction and persists as long or longer than a classical DTH reaction 
in the same ~,imal. 
Two facts are evident from these observations. Firstly, early in the develop- 
ment of a  delayed reaction, the slow accumulation of mononuclear cells may 
be completely independent of the presence of specific antigen. Secondly, there 
is a  reaction between specific  antigen and an antibody-like substance which 
may or may not be attached to cells.  The reaction develops so rapidly at a 
prepared  site that  the pharmacological mediators which are  responsible for 
edema must be presumed to be released abruptly. A classical delayed reaction 
is attributable to the time needed for the accumulation of cells in sufficient 
numbers. It follows that the rate-limiting step in a  classical delayed reaction 
is  the process  of cell accumulation. The present observations indicate  that 
this process is independent of the presence of specific antigen. 
The author acknowledges the competent technical assistance of Mrs. Barbara Nissen 
and Miss Elizabeth Gould. 
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